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Plants are composed of two types of compounds, 
termed primary and secondary. Primary compounds 
(e.g., carbohydrates and amino acids) are found in 
all plants and are essential components for growth, 
development and reproduction. Plant secondary 
compounds (PSCs) received this name when they 
were discovered in the second half of the 19th 
century when it was believed they were waste 
products of the plant’s metabolism. However, we 
now know that, in contrast to this initial view, they 
are not waste products and they provide significant 
benefits to the plant. Plant secondary compounds 
are involved in interactions between plants and 
other organisms such as pathogens, pollinators, and 
herbivores and are therefore typically colorful or 
have a distinct taste or odor (Crozier et al., 2006). 
The functions of PSCs are diverse and include 
protecting the plant from pathogens, aiding in 
beneficial interactions with good bacteria, acting as 
sunscreen and antioxidants, transporting metals 
inside the plant (Demain and Fang, 2000), and 
discouraging herbivores from eating the plant 
(Waghorn, 2008). The specific function of PSCs 
differs depending on their chemical structure and 
the plant species.  
 
Tannins are a kind of PSC that can be classified into 
two main types: condensed tannins (CT) and 
hydrolysable tannins (HT). Both types can have 
beneficial effects on beef cattle and the 
environment.  
Condensed Tannins 
Condensed tannins are naturally occurring PSCs 
and occur in varying forms and concentrations in 
many different plant species and some forage 
species that can be fed to livestock. Examples of 
these forages are birdsfoot trefoil (Fig. 1), which 
contains low levels of CT, and sainfoin (Fig. 2), 
which typically contains greater CT concentrations.  
 
Condensed tannins cause astringency when eaten 
due to their ability to bind with proteins in the saliva 
resulting in a dry, bitter taste (Kumar and Singh, 
1984) which discourages animals from consuming 
the plants. However, there are certain species of 
plants that contain CT in low concentrations or with  
Figure 1. Birdsfoot trefoil is a perennial legume 
and is easily identifiable by its bright yellow 
flowers. 
 
Figure 2. Sainfoin is a tall growing, perennial 
legume with light purple flowers.  
 
a specific chemical structure that do not seem to 
reduce palatability or intake. This opens the door 
for herbivores to benefit from consuming plants that 
contain CT. 
 
Condensed tannins have the ability to reduce 
internal parasite loads and reduce the risk of bloat in 
ruminant herbivores (Waghorn, 1990). 
Additionally, CT can help improve utilization of 
protein in beef cattle because they bind with the 
proteins in the rumen, releasing the protein later on 
in the small intestine (Bunglavan and Dutta, 2013). 
This process increases the rumen bypass protein and 
increases the amount of high-quality protein 
available to the animal for absorption, which is 
important because cattle are generally inefficient at 
utilizing the protein that is provided to them in their 
diets.  
 
Methane is produced in substantial amounts as a by-
product of the normal digestion process in beef 
cattle. However, methane production is wasteful in 
terms of energy production. Condensed tannins 
have been shown to reduce the amount of methane 
produced by ruminants (Carulla et al., 2005; Fig. 3). 
This is significant because reductions in methane 
production translate into increased efficiency of 
energy utilization by cattle.   
 
Condensed tannins can also help to mitigate the 
negative environmental impacts resulting from beef 
cattle, which are responsible for the production of 
three greenhouse gasses: carbon dioxide, methane 
and nitrous oxide. Methane and nitrous oxide are a 
bigger concern because – although they are 
produced by cattle in smaller amounts than carbon 
 
Figure 3. Methane emissions are significantly 
reduced by both condensed and hydrolysable 
tannins. 
 
dioxide – they have greater global warming 
potentials, so a smaller amount can do more damage 
(Fig. 4). Methane production is a by-product of the 
normal digestion process and nitrous oxide results 
from the inefficient utilization of protein. Much of 
the protein fed to cattle is excreted in the urine and 




Figure 4. Carbon dioxide has a global warming 
potential of 1, while the global warming potential of 
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transformed into nitrous oxide (Oenema et al., 
2005). The good news is that CT have the potential 
to reduce both methane emissions and the 




Hydrolysable tannins occur naturally in a variety of 
plants including chestnut trees and blackberry 
bushes. The forb small burnet (Fig. 5) also contains 
hydrolysable tannins and can be used as a forage 
species component for beef cattle diets.  
 
 
Figure 5. Small burnet is a forb with small purple 
flowers.  
 
In contrast to CT, which are resistant to hydrolysis, 
hydrolysable tannins (HT) are easily hydrolyzed by 
acids or enzymes. Like CT, however, HT may also 
act as deterrents by reducing palatability and thus 
the intake of plants that contain them. Nevertheless, 
HT also reduce methane emissions from beef cattle 
(Hassanat and Benchaar, 2012; Fig. 3) and digestion 
of protein in the rumen (Hervas et al., 2000), 
leading to less urea excreted in the urine and 
subsequently, less nitrous oxide emitted into the 
atmosphere.  
  
Due to their ability to reduce methane production in 
the rumen, HT can increase the amount of energy 
available to the animal. However, HT appear to  
 
have more negative post-ingestive consequences to 
ruminant consumers than CT do. These include 
decreased intake (Verheyden-Tixier and Duncan, 
2000), and increased antimicrobial activity 
(Ekambaram et al., 2016) leading to reduced 
digestibility. In addition, ruminal microbes can 
break HT down into compounds that can be 
absorbed from the rumen and lead to toxicity (Reed, 
1995). In contrast, CT are larger molecules, less 
soluble in water, and are considered to be non-toxic 
because they are not absorbed through the 
gastrointestinal tract.  
 
Producer Concerns 
It is important to remember that the concentration of 
tannins will vary based on the species of plant being 
considered. Also, while the benefits to the 
environment from both CT and HT are clear, HT 
seem to have fewer direct benefits to the cattle 
consuming them. Forage species containing CT and 
HT have received less attention than conventional 
forages (i.e., alfalfa and tall fescue) and thus 
varieties currently available to producers do not 
present comparable agronomic advantages in terms 
of establishment, persistence or productivity. 
However, it may be possible to incorporate such 
“non-traditional” varieties as a complement (e.g. in 
strips or in small paddocks) to the more traditional 
forage species instead of replacing them. In this 
way, producers can take advantage of the many 
benefits of CT and HT in their grazing systems. In 
the future, breeding programs should turn their 
attention to these “non-traditional” forage species to 
provide more adaptable, productive and resilient 
cultivars to the market.  
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1Image courtesy of David Cappaert 
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4Figure adapted using data from Carulla et al., 2005, 
and Hassanat and Benchaar, 2012.  





Bunglavan, S. J., and N. Dutta. 2013. Use of tannins 
as organic protectants of proteins in digestion 
of ruminants. J. Livest. Sci. 4:67-77.  
Carulla, J. E., M. Kreuzer, A. Machmuller, and H. 
D. Hess. 2005. Supplementation of Acacia 
mearnsii tannins decrease methanogenesis and 
urinary nitrogen in forage-fed sheep. Aust. J. 
Agric. Res. 56:961-970.  
Crozier A., M.N. Clifford, and H. Ashihara. 2006. 
Plant secondary metabolites: Occurrence, 
structure and role in the human diet. Blackwell 
Publishing, Oxford, UK.  
Demain, A. L., and A. Fang. 2000. The natural 
functions of secondary metabolites. Adv. 
Biochem. Eng. Biotechnol.  69:1-39. 
Ekambaram, S. P., S. S. Perumal, and A. 
Balakrishnan. 2016. Scope of hydrolysable 
tannins as possible antimicrobial agent. 
Phytother. Res. 30:1035-1045. 
Hassanat, F., and C. Benchaar. 2012. Assessment of 
the effect of condensed (acacia and quebracho) 
and hydrolysable (chestnut and valonea) 
tannins on rumen fermentation and methane 
production in vitro. J. Sci. Food Agric. 93:332-
339. 
Hervas, G., P. Frutos, E. Serrano, A. R. Mantecon, 
and F. J. Giraldez. 2000. Effect of tannic acid 
on rumen degradation and intestinal digestion 
of soya bean meals in sheep. J. Agric. Sci. 
135(3):305-310.  
Kumar, R., and M. Singh. 1984. Tannins: their 
adverse role in ruminant nutrition. J. Agric. 
Food Chem. 32:447-453.   
Oenema, O., N. Wrage, G. Velthof, J. Willem van 
Groenigen, J. Dolfing, and P. J. Kuikman. 
2005. Trends in global nitrous oxide emissions 
from animal production systems. Nutrient 
Cycling in Agroecosystems. 72:51-65. 
Doi:10.1007/s10705-004-7354-2. 
Reed, J. D. 1995. Nutritional toxicology of tannins 
and related polyphenols in forage legumes. J. 
Anim. Sci. 73:1516-1528.  
Verheyden-Tixier, H. and P. Duncan. 2000. 
Selection for small amounts of hydrolysable 
tannins by a concentrate-selecting mammalian 
herbivore. J. Chem. Ecol. 26:351-358.  
Waghorn, G. C. 1990. Beneficial effects of low 
concentrations of condensed tannins in forages 
fed to ruminants. In: N. E. Akin, L. G. 
Ljungdahl, J. R. Wilson, and P. J. Harris, 
editor. Microbial and plant opportunities to 
improve lignocellulose utilization by 
ruminants. Elsevier Sci. Publ., New York, NY. 
P. 137.  
Waghorn, G., 2008. Beneficial and detrimental 
effects of condensed tannins for sustainable 
sheep and goat production – progress and 







Utah State University is committed to providing an environment free from harassment and other forms of illegal discrimination based 
on race, color, religion, sex, national origin, age (40 and older), disability, and veteran’s status. USU’s policy also prohibits 
discrimination on the basis of sexual orientation in employment and academic related practices and decisions. Utah State University 
employees and students cannot, because of race, color, religion, sex, national origin, age, disability, or veteran’s status, refuse to hire; 
discharge; promote; demote; terminate; discriminate in compensation; or discriminate regarding terms, privileges, or conditions of 
employment, against any person otherwise qualified. Employees and students also cannot discriminate in the classroom, residence 
halls, or in on/off campus, USU-sponsored events and activities. This publication is issued in furtherance of Cooperative Extension 
work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Kenneth L. White, Vice President for 
Extension and Agriculture, Utah State University. 
 
